N a t i o n a l Aeronautics and Space A d m i n i s t r a t i o n Lewis Research Center Cleveland, Ohio 44135 A b s t r a c t The performance and n o i s e o f a h i g h speed SR-7A model p r o p e l l e r under t a k e o f f / l a n d i n g condit i o n s a r e considered. The blade l o a d i n g d i s t r i b u t i o n s a r e o b t a i n e d by s o l v i n g t h e three-dimensional E u l e r equations and t h e sound pressure l e v e l s a r e computed u s i n g a t i m e domain approach. nominal t a k e o f f o p e r a t i n g p o i n t , t h e blade sect i o n s near t h e hub a r e l i g h t l y o r n e g a t i v e l y loaded. The chordwise l o a d i n g d i s t r i b u t i o n s a r e d i s t i n c t l y d i f f e r e n t f r o m those o f c r u i s e condit i o n s . The n o i s e o f SR-7A model p r o p e l l e r a t t a k e o f f i s dominated by t h e l o a d i n g n o i s e , s i m i l a r t o t h a t a t c r u i s e c o n d i t i o n s . The waveforms o f t h e a c o u s t i c p r e s s u r e s i g n a t u r e a r e n e a r l y sinus o i d a l , i n t h e p l a n e o f t h e p r o p e l l e r . The comp u t e d d i r e c t i v i t y o f t h e blade passing frequency tone agrees f a i r l y w e l l w i t h t h e d a t a a t nominal t a k e o f f b l a d e angle.
A t t a k e o f f c o n d i t i o n s t h e main concern i s t h e community n o i s e . l e v e l change i s due t o a change i n blade s e t t i n g angle o r i n t h e l o a d i n g . The performance o f t h e h i g h speed ( s t r a i g h t , SR-2 and swept, SR-3) p r o p e l l e r models a t t a k e o f f , c l i m b and l a n d i n g regimes was s t u d i e d by S t e f k o and J e r a c k i . l They t e s t e d t h e a d j u s t a b l e p i t c h models a t Mach numbers Mo = 0.1 t o 0.34 i n t h e NASA Lewis l O ' x 1 0 ' supersonic wind t u n n e l . They generated d e t a i l e d performance maps f o r t a k e o f f , c l i m b and l a n d i n g c o n d i t i o n s a t z e r o angle o f a t t a c k o f t h e p r o p e l l e r a x i s w i t h t h e f l o w d i r e c t i o n . They found t h a t t h e swept p r o p e l l e r had h i g h e r e f f i c i e n c i e s than t h e s t r a i g h t one, i n t h e regimes t e s t e d . T h i s appears t o be t h e o n l y d e t a i l e d performance d a t a o f advanced p r o p e l l e r s a v a i l a b l e i n these speed regimes. wind t u n n e l . Acoust i c i n s t r u m e n t a t i o n i n t h e 9 ' x 1 5 ' t u n n e l c o n s i s t e d o f f i x e d a r r a y microphones on t h e tunnel f l o o r , near w a l l and c e i l i n g and two microphones on t h e r e m o t e l y c o n t r o l l e d t r a n s l a t i n g microphone probe. The t r a n s l a t i n g microphone probe t r a v e r s e d 6. 5 The f i g u r e shows t h a t t h e computed t o t a l power c o e f f i c i e n t agrees f a i r l y w e l l w i t h t h e wind tunn e l data. The d i s c r e p a n c i e s observed may p a r t l y be due t o t h e f a c t t h a t t h e u n t w i s t o f t h e blade under c e n t r i f u g a l l o a d i n g i s n o t considered i n these computations. 
m o f t h e a c o u s t i c a l l y t r e a t e d t e s t s e c t i o n o f t h e t u n n e l . The d a t a used f o r comparison w i t h t h e pred i c t i o n s i n t h e p r e s e n t paper a r e those o b t a i n e d w i t h t h e t r a v e r s e microphone.

u c t i v e t o examine t h e magnitudes o f t h e n o i s e components a t t a k e o f f . F i g u r e 9 shows t h e d i r e ct i v i t i e s o f t h e l o a d i n g and t h i c k n e s s n o i s e components and t h e t o t a l n o i s e f o r t h e nominal t a k e o f f c o n d i t i o n s . F i r s t , we n o t e t h a t t h e n o i s e under t a k e o f f c o n d i t i o n s i s dominated by t h e l o a d i n g
The i n c r e a s i n g discrepancy o f t h e p r e d i c t e d n o i s e l e v e l s w i t h i n c r e a s i n g blade angle i s a t t r ibuted t o t h e l e a d i n g edge v o r t e x and t h e t i p vort e x e f f e c t s , which a r e n o t taken i n t o account i n t h e p r e s e n t computations. l e a d i n g edge v o r t e x was shown c l e a r l y i n R e f s . 11 and 1 2 . A s t h e blade angle increases, t h e s t r e n g t h o f t h e l e a d i n g edge v o r t e x i n c r e a s e s . Accounting f o r t h e l e a d i n g edge v o r t e x and i n p a r t i c u l a r t h e v a r i a t i o n o f t h e v o r t e x s t r e n g t h w i t h t h e b l a d e angle would improve t h e a reement o f t h e p r e d i ct i o n s w i t h d a t a . i n g f o r t h e change i n l o a d i n g due t o t h e l e a d i n g e d g e l t i p v o r t e x alone would n o t improve t h e pred i c t i o n s s i g n i f i c a n t l y . He found t h a t t h e i n c l us i o n o f t h e r a d i a l f o r c e s due t o t h e l e a d i n g edge/ t i p v o r t e x as a d d i t i o n a l n o i s e sources would improve t h e p r e d i c t i o n s . F i g u r e 1 1 shows t h e p r e d i c t e d and measured waveforms o f t h e a c o u s t i c pressure s i g n a l i n t h e plane o f t h e p r o p e l l e r a t t h e t h r e e blade angles.
. A t h i g h blade angles, t h e v a l u e a t t h e n e g a t i v e peak i s h i g h e r than t h a t a t
The e x i s t e n c e o f t h e
Hansonlg has found t h a t account-t h e p o s i t i v e peak. i n c r e a s e i n t h e d i f f e r e n c e i n peak values w i t h t h e b l a d e angle i s c o r r e c t l y p r e d i c t e d . a f t o f t h e p l a n e o f r o t a t i o n o f t h e p r o p e l l e r ( F i g . 10). The v a r i a t i o n o f t h e peak n o i s e l e v e l w i t h t h e blade s e t t i n g angle i s shown i n F i g . 12.
The discrepancy between t h e p r e d i c t i o n and d a t a may be s i g n i f i c a n t l y reduced i f t h e r a d i a l f o r c e s produced by t h e l e a d i n g edge v o r t e x a r e considered as a d d i t i o n a l n o i s e sources.
The measured t r e n d of an 
I t appears t h a t t h e e x i s t e n c e o f t h e l e a d i n g edge v o r t e x and i t s i n t e r a c t i o n w i t h t h e t i p vort e x a r e t h e major reasons f o r t h e discrepancy
